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(57) Abstract 

A method and apparatus for 
detecting the endpoint of CMP pro- 
cessing on semiconductor wafer in 
which a lower layer of material with 
a first reflectivity is positioned un- 
der an upper layer of material with a 
second reflectivity. Initially an end- 
point site is selected on the wafer 
in a critical area where a boundary 
between the upper and lower layers 
defines the desired end point of the 
CMP process. The critical area on 
the wafer is generally determined by 
analyzing in the circuit design and 
the polishing characteristics of pre- 
viously polished test wafers to de- 
note the last points on the wafer 
from which the upper layer is desir- 
ably removed by CMP processing. 
After an endpoint site is selected, 
a light beam impinges the polished 
surface of the wafer and reflects off 
of the surface of the wafer to a pho- 
tosensor. The photosensor senses 
the actual intensity of the reflected 
light beam. The actual intensity of 

the reflected light beam is compared with an expected intensity to determine whether the upper layer has been adequately removed from 
the endpoint site. The actual intensity is preferably compared "with an expected intensity for light reflected from one of the upper or lower 
layers, and the endpoint is preferably detected when the actual intensity of the reflected light beam is either substantially the same as the 
expected intensity for light reflected from the lower layer or substantially different from the expected intensity for light reflected from the 
upper layer. 




FOR THE PURPOSES OF INFORMATION ONLY 



Codes used to identify States party to the PCT on the front pages of pamphlets publishing international applications under the PCT. 



AL 


Albania 


ES 


Spain 


LS 


Lesotho 


SI 


Slovenia . 


AM 


Armenia 


n 


Finland 


LT 


Lithuania 


SK 


Slovakia 


AT 


Austria 


FR 


France 


LU 


Luxembourg 


SN 


Senegal 


AU 


Australia 


GA 


Gabon 


LV 


Latvia 


sz 


Swaziland 


AZ 


Azerbaijan 


GB 


United Kingdom 


MC 


Monaco 


TD 


Chad 


BA 


Bosnia and Herzegovina 


GE 


Georgia 


MD 


Republic of Moldova 


TG 


Togo 


BB 


Barbados 


GH 


Ghana 


MG 


Madagascar 


TJ 


Tajikistan 


BE 


Belgium 


GN 


Guinea 


MK 


The former Yugoslav 


TM 


Turkmenistan 


BF 


Burkina Faso 


GR 


Greece 




Republic of Macedonia 


TK 


Turkey 


BC 


Bulgaria 


HU 


Hungary 


ML 


Mali 


TT 


Trinidad and Tobago 


BJ 


Benin 


IE 


Ireland 


MN 


Mongolia 


UA 


Ukraine 


BK 


Bra7.il 


1L 


Israel 


MR 


Mauritania 


UG 


Uganda 


BY 


Belarus 


IS 


Iceland 


MW 


Malawi 


US 


United States of America 


CA 


Canada 


IT 


Italy 


MX 


Mexico 


uz 


Uzbekistan 


CF 


Central African Republic 


JP 


Japan 


NE 


Niger 


VN 


Viet Nam 


CC 


Congo 


KE 


Kenya 


NL 


Netherlands 


YU 


Yugoslavia 


CH 


Switzerland 


KG 


Kyrgyzstan 


NO 


Norway 


ZW 


Zimbabwe 


CI 


Cote d'lvoire 


KP 


Democratic People's 


NZ 


New Zealand 






CM 


Cameroon 




Republic of Korea 


PL 


Poland 






CN 


China 


KR 


Republic of Korea 


FT 


Portugal 






CU 


Cuba 


KZ 


Kazakltan 


RO 


Romania 






cz 


Czech Republic 


LC 


Saint Locia 


RU 


Russian Federation 






DE 


Germany 


LI 


Liechtenstein 


SD 


Sudan 






DK 


Denmark 


LK 


Sri Lanka 


SE 


Sweden 






EE 


Estonia 


LR 


Liberia 


SG 


Singapore 







WO 99/09371 



PCT/IjS98/17:18 



Description 

METHOD AND APPARATUS FOR DETECTING THE ENDPOINT IN 
CHEMICAL-MECHANICAL POLISHING OF SEMICONDUCTOR WAFERS 

5 

Technical Field 

The present invention relates to a method and apparatus for 
detecting the endpoint in chemical-mechanical polishing of semiconductor 
wafers; more particularly, the present invention detects the endpoint at critical 
1 0 areas on the wafer where an upper layer of material is not easily removed from 
the wafer. 

Backeround of the Invention 

Chemical-mechanical polishing ("CMP") processes remove 

1 5 material from the surface of the wafer in the production of ultra-high density 
integrated circuits. In a typical CMP process, a wafer is pressed against a 
polishing pad in the presence of a slurry under controlled chemical, pressure, 
velocity, and temperature conditions. The slurry solution generally contains 
small, abrasive particles that abrade the surface of the wafer, and chemicals that 

20 etch and/or oxidize the surface of the wafer. The polishing pad is generally a 
planar pad made from a continuous phase matrix material such as polyurethane. 
Thus, when the pad and/or the wafer moves with respect to the other, material is 
removed from the surface of the wafer by the abrasive particles (mechanical 
removal) and by the chemicals (chemical removal) in the slurry. 

25 Figure 1 schematically illustrates the conventional CMP 

machine 10 with a platen 20, a wafer carrier 30, a polishing pad 40, and a 
slurry 44 on the polishing pad. An under-pad 25 is typically attached to the 
upper surface 22 of the platen 20, and the polishing pad 40 is positioned on the 
under-pad 25. In conventional CMP machines, a drive assembly 26 rotates the 
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platen 20 as indicated by arrow A. In other existing CMP machines, the drive 
assembly 26 reciprocates the platen 20 back and forth as indicated by arrow B. 
The motion of the platen 20 is imparted to the pad 40 through the under-pad 25 
because the polishing pad 40 frictionally engages the under-pad 25. The wafer 
5 carrier 30 has a lower surface 32 to which a wafer 12 may be attached, or the 
wafer 12 may be attached to a resilient pad 34 positioned between the wafer 12 
and the lower surface 32. The wafer carrier 30 may be a weighted, free floating 
wafer carrier, but an actuator assembly 36 is preferably attached to the wafer 
carrier 30 to impart axial and rotational motion, as indicated by arrows C and D. 
10 respectively. 

In the operation of the conventional CMP machine 10, the wafer 12 
faces downward against the polishing pad 40, and then the platen 20 and the 
wafer carrier 30 move relative to one another. As the face of the wafer 12 moves 
across the planarizing surface 42 of the polishing pad 40, the polishing pad 40 

15 and the slurry 44 remove material from the wafer 12. CMP processes typically 
remove either conductive materials or insulative materials from the surface of the 
wafer to produce a flat, uniform surface upon which additional layers of devices 
may be fabricated. 

When a conductive layer is polished from a wafer, the CMP 

20 processes must accurately stop polishing the wafer at a desired endpoint. 
Conductive layers are typically deposited over insulative layers to fill vias or 
trenches in the insulative layer and form electrical interconnects between device 
features on the wafer. To electrically isolate the interconnects from one another, 
it desirable to stop the CMP process below the top of the insulative layer and 

25 above the bottom of the conductive material in the vias and trenches. If the CMP 
process is stopped before the desired endpoint ("under-polishing"), then the 
interconnects will not be electrically isolated from one another and shorting will 
occur in the circuit. Conversely, if the CMP process is stopped after the desired 
endpoint ("over-polishing"), then interconnects may be completely removed 
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from the wafer. Therefore, to avoid serious defects in a wafer, it is highly 
desirable to stop the CMP process at the desired endpoint. 

U.S. Patent No. 5,433,651 to Lustig et al. discloses an apparatus 
and a method for determining the endpoint of a CMP process in which a laser 
5 beam passes through a window in the polishing pad and impinges upon the 
polished surface of the wafer. The laser beam scans across the surface of the 
wafer, and a photosensor senses the intensity of the beam that reflects from the 
wafer. Conductive materials, such as aluminum, have a reflectivity index of 
approximately 90%, while insulative materials, such as boro-phosphate silicon 

10 glass ("BPSG"), have a reflectivity index of approximately 35%. At the 
endpoint of the CMP process, therefore, the intensity of the reflected beam 
alternates between that of the conductive material and the insulative material as 
the laser beam scans across the wafer. The Lustig et al. patent discloses that the 
endpoint of the CMP process is detected when the intensity of the reflected beam 

15 changes from that of the conductive material to the average intensity of the 
conductive and insulative materials. 

One problem with the method of determining the endpoint of the 
CMP process disclosed in the Lustig et al. patent is that it may not accurately 
detect the endpoint on wafers that have small "critical areas." The critical areas 

20 are typically depressions on the surface of the wafer that are the last point on the 
wafer from which the conductive material is removed by CMP processing. The 
location and size of the critical areas is a function of the circuit design and the 
uniformity of the polishing rate across the surface of the wafer. As a result, the 
critical areas vary from one type of die to another, and they typically occupy a 

25 minuscule portion of the wafer surface. The method disclosed in the Lustig et al. 
patent may not detect the status of the CMP process at many critical areas on the 
wafer because the critical areas occupy such a small percentage of the wafer's 
surface that the few reflective signals generated by the critical areas do not 
statistically impact the overall average reflectivity of the substantially larger 
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number of reflective signals from the interconnects. Thus, even if the Lustig et 
al. patent recognized the problem of critical areas, it may not accurately detect 
the endpoint of the CMP process at critical areas on the wafer. 

In light of the problems with detecting the endpoint of the CMP 
5 process at critical areas on the wafer, it would be desirably to develop a method 
that quickly and accurately detects the endpoint of CMP processing at 
predetermined critical areas on a semiconductor wafer. 

Summary of the Invention 

10 The inventive method and apparatus detects the endpoint of CMP 

processing on semiconductor wafers in which a lower layer of material with a 
first reflectivity is positioned under an upper layer of material with a second 
reflectivity. Initially, an endpoint site is selected on the wafer in a critical area 
where a boundary between the upper and lower layers defines the desired 

15 endpoint of the CMP process. The critical area on the wafer is determined by 
analyzing the circuit design on the dies of the wafer and the polishing 
characteristics of previously polished test wafers, and preferably denoting the 
last points on the wafer from which the upper layer is desirably removed by 
CMP processing. After an endpoint site is selected, a light beam impinges the 

20 polished surface of the wafer and reflects off of the surface of the wafer to a 
photo-sensor. The photosensor senses the actual intensity of the reflected light 
beam. The actual intensity of the reflected light beam is compared with an 
expected intensity to determine whether the upper layer has been removed from 
the wafer at the endpoint site. The actual intensity is preferably compared with 

25 an expected intensity for light reflected from one of the upper or lower layers, 
and the endpoint is preferably detected when the actual intensity of the reflected 
light beam is either substantially the same as the expected intensity for light 
reflected from the lower layer or substantially different from the expected 
intensity for light reflected from the upper layer. 
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Brief Description of the Drawings 

Figure 1 is a schematic cross-sectional view of a CMP machine in 
accordance with the prior art. 
5 Figure 2 is a partial schematic cross-sectional view of a wafer upon 

which the endpoint detection method of the invention operates. 

Figure 3 is a flowchart of an endpoint detection method in 
accordance with the invention. 

Figure 4 is a partial schematic cross-sectional view of the wafer of 
10 Figure 2 at one point of the endpoint detection method in accordance with the 
invention. 

Figure 5 is a partial schematic cross-sectional view of the wafer of 
Figure 2 at another point of the endpoint detection method in accordance with 
the invention. 

15 Figure 6 is a partial schematic cross-sectional view of another 

wafer upon which the method of the invention operates. 

Figure 7 is a schematic diagram of an endpoint detector in 
accordance with the invention. 



20 Detailed Description of the Invention 

The present invention is a method and apparatus that detects the 
endpoint of CMP processing at critical areas on the surface of a semiconductor 
wafer. An important aspect of the invention is to selectively impinge a light 
beam at predetermined endpoint sites on the wafer and measure the intensity of 

25 the reflected light. Another important aspect of the invention is to select the 
endpoint sites at critical areas on the wafer that are typically the last points on the 
wafer from which material of an upper layer is desirably removed by CMP 
processing. By selectively measuring the intensity of the reflected light beam at 
endpoint sites in critical areas of the wafer, the method of the invention ensures 
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that the CMP process removes the requisite amount of material from even the 
most problematic areas on the wafer. Therefore, the endpoint detection method 
of the invention reduces the number of defects on a wafer caused by over- 
polishing or under-polishing the wafer at the critical areas. Figures 2-5, in which 
5 like reference numbers referred to like parts throughout the various figures, 
illustrate the method of the invention and a semiconductor wafer upon which the 
method of the invention operates. 

Figure 2 illustrates a wafer 12 before it has been polished by a 
CMP machine 10, as discussed above with respect to Figure 1. The wafer 12 is a 

10 typical wafer upon which the method of the invention operates to detect the 
endpoint of the CMP polishing process, but it will be appreciated that the 
endpointing method of the invention is not limited to any specific wafer design 
or circuit design on a wafer. The wafer 12 has a substrate 50, a number of large 
devices 52 formed on the substrate 50, and a small device 54 formed on the 

15 substrate 50 between the large devices 52. The large and small devices 52 and 
54 are film stacks that form very small electrical components of the integrated 
circuits on an individual die of the wafer 12. Depending upon the number of 
layers in each film stack, the top surfaces of the large and small devices 52 and 
. 54 are generally spaced away from the upper surface 5 1 of the substrate 50 by 

20 different axial distances (as measured with respect to the vertical axis indicated 
by line Z-Z). 

A lower layer 60 is deposited over the substrate 50 and the 
devices 52 and 54 to provide a platform above the devices 52 and 54 upon which 
additional devices may be formed. The lower layer 60 generally follows the 
25 topography of the substrate 50 and devices 52 and 54 so that the lower layer 60 
has high points 62 positioned over the large devices 52 and depressions 64 
positioned between the large and small devices 52 and 54. A number of vias 66 
etched into the lower layer 60 provide access to the devices 52 and 54 so that 
other devices (not shown) fabricated on top of the lower layer 60 may be 
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electrically coupled to the devices 52 and 54. The lower layer 60 is generally 
made from an insulative material such as BPSG, silicon dioxide, silicon nitride, 
or other known insulative materials. The materials from which the lower 
layer 60 is made have a first reflectivity, which' in the case of BPSG is 
5 approximately 0.35. 

An upper layer 70 is deposited over the lower layer 60 and into the 
vias 66 to form interconnects 76 with the device features 52 and 54. The upper 
layer 70 is generally made from a conductive material that has a second 
reflectivity, which in the case of aluminum is approximately 0.90. The upper 

10 layer 70 generally follows the contour of the lower layer 60 such that the bottom 
of the upper layer 70 fills the depressions 64 in the lower layer 60. 

The depressions 64 define critical areas 92 on the wafer where the 
material of the upper layer 70 is typically the last portion of the upper layer 70 
that is desirably removed from the wafer by CMP processing. All of the 

1 5 conductive material of the upper layer 70 in the depressions 64 must be removed 
from the wafer to avoid forming unwanted conductive lines across the top of the 
wafer 12 that may short one device to another and destroy the operation of the 
circuit. Thus, the critical areas 92 on the wafer 12 are defined by the last 
desirable portions of the upper layer 70 that are removed from the surface of the 

20 wafer 12 by CMP processing. 

The location and size of the critical areas 92 is a function of the 
specific circuit designs, previous planarizing steps in the process flow, and the 
polishing characteristics at the location of each die on the face of the wafer. The 
circuit designs often result in depressions or other areas on the surface of the 

25 wafer that are either lower than other areas on the wafer or are hard to reach with 
a polishing pad. In Figure 2, for example, the bottoms of the depressions 64 are 
the lowest points on the surface of the lower layer 60. The depressions 64 are 
also hard to reach with a polishing pad because the top surfaces 62 of the lower 
layer 60 surround the depressions 64 and support the surface of the polishing 
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(not shown) pad over the depressions 64. Moreover, since the polishing rate may 
van' across the face of the wafer, one die in the wafer may have a different 
polishing rate than another die. Therefore, to determine the critical areas 92 for a 
specific design, it is important to analyze the circuit design and the polishing 
5 characteristics to determine the areas on the wafer where the last desirable 
portion of the upper layer 70 is typically removed from the wafer by CMP 
processing. 

Figures 2 and 3 together illustrate the operation of the method of 
the invention. The first step of the method 1 10 is to select an endpoint site 90 at 

10 a critical area 92 in the wafer 12. The endpoint site 90 is preferably located just 
under the lowest point of the critical area 92 so that all of the conductive material 
of the upper layer 70 will be removed from the wafer 12 when the endpoint of 
the CMP process is obtained. The critical areas 92 and the endpoint sites 90 are 
determined by analyzing the specific circuit structure of the dies on the wafer to 

1 5 estimate the most likely locations of the critical areas, and then polishing several 
test wafers with the specific circuit structure using the polishing parameters of 
the selected CMP process. After the test wafers are polished, a laser scans the 
estimated locations of critical areas to empirically determine the actual locations 
of critical areas 92 on the wafer 12. Once the location of the critical areas and 

20 endpoint sites is ascertained, several endpoint sites on each wafer are preferably 
selected to ensure the desired endpoint of the CMP process obtained across the 
whose surface of the wafer. 

In a preferred embodiment, the second step 120 of the method of 
the invention is to align a laser beam with an endpoint site 90 on the wafer 12. 

25 In general, a laser 80 with an emitter 82 directs a laser beam 84 to impinge the 
surface of the wafer 12, and a reflected beam 86 reflects from the surface of the 
wafer 12 to a photosensor 88. The photosensor 88 senses the intensity of the 
reflective beam 86, which depends upon whether the laser beam 84 impinges the 
upper layer 70 or the lower layer 60. The laser beam 84 may be aligned with the 
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endpoint sites 90 by moving either the laser emitter 82 or the wafer 12 to pass the 
laser beam 84 over the face of the wafer 12. In one embodiment, the laser beam 
84 is aligned with the endpoint site 90 by noting the X,Y coordinates of the 
endpoint site 90 with respect to a reference point on the surface of the wafer, and 
5 then moving the wafer to position the X,Y coordinate of the endpoint site in the 
path of the laser beam 84. In a preferred embodiment, the laser beam is aligned 
with the endpoint 90 by positioning the wafer 12 using a pattern recognition 
spectrophotometer, such as the NovaScan 210 manufactured by NOVA 
Corporation of Israel. In typical pattern recognition spectrophotometers, a laser 

10 passes over the circuit to record the pattern of the circuit. The recorded partem 
of the circuit is correlated with an actual diagram of the circuit programmed into 
a pattern recognition module to determine the position of the laser beam 84 with 
respect to the components of the circuit on the wafer. The laser beam 84 is 
preferably aligned with the endpoint site 90 to within approximately less than 1 .0 

1 5 |im of the center of the endpoint site. Other suitable spectrophotometers that can 
appropriately align a laser beam with the endpoint site 90 include 
spectrophotometers manufactured by Tencor Corporation of California and 
Thermawave Corporation of California. . 

After the laser beam 84 is aligned with the endpoint site 90, the 

20 next step 130 of the method of the invention is to impinge the laser beam 84 
against the wafer 12. In one embodiment, the surface of the wafer is positioned 
in a clean air environment, and the laser beam 84 passes through the air and 
directly impinges the surface of the wafer 12. One problem with positioning the 
surface of the wafer in air, however, is that the surface of the wafer, dries out and 

25 must be cleaned and wetted to avoid scratches before the wafer may be 
repolished. Accordingly, in a preferred embodiment, the face of the wafer 12 is 
placed in water immediately after being removed from the CMP machine, and 
the laser beam 84 passes through the water to impinge the surface of the wafer. 
By placing the face of the wafer 12 in water, the wafer may be repolished 
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without cleaning or wetting the wafer. One suitable spectrophotometer that 
impinges a laser beam against a wafer while the face of the wafer is under water 
is the NovaScan 210 manufactured by NOVA Corporation. 

The next step of the invention 140 is to sense the actual intensity of 
5 the reflected light beam 86. A photosensor 88 positioned in the path of the 
reflected light beam 86 senses the intensity of the reflected light beam as a 
percentage of the intensity of the original laser beam 84. Different wavelengths 
of light may be used such that the intensity of the reflected light may be 
measured at different wavelengths to get a more reliable signature of the 

10 material. The intensity of the reflected light beam 86 will depend upon the type 
of material at the surface of the wafer impinged by the laser beam 84. If the 
CMP process is stopped such that the polished surface of the wafer is vertically 
spaced away from the surface 51 of the substrate 50 at a height defined by the 
line A-A, the intensity of the reflected light beam 86 is theoretically equal to the 

15 product of the intensity of the laser beam 84 and the reflectivity index of the 
upper layer 70. In the case of conductive materials, such as aluminum or 
tungsten, the reflectivity index is approximately 0.9 such that the intensity of the 
reflected beam 86 is approximately 90% of the original intensity of the laser 
beam 84. Similarly, if the CMP process is stopped such that the polished surface 

20 of the wafer is vertically spaced away from the surface 51 of the substrate 50 by 
a height defined by line B-B, the intensity of the reflected light beam 86 is 
theoretically equal to the product of the intensity of the laser beam 84 and the 
reflectivity index of the lower layer 60. In the case of BPSG, which has a 
reflectivity index of approximately 0.35, the intensity of the reflected beam at a 

25 height indicated by line B-B is approximately 35% of the original intensity of the 
laser beam 84. Once again, the NovaScan 210 spectrophotometer suitably 
detects a change in intensity of the reflected beam 86. Since the endpoint 90 
preferably lies in a plane that is just below the lowermost point of the depression 
64 (as indicated by line B-B), the expected intensity of the reflected beam 86 at 
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the desired endpoint changes from the theoretical intensity of light reflected from 
the upper layer 70 to the theoretical intensity of light reflected from the lower 
layer 60. 

The final step 150 of the method is to compare the actual intensity 
5 of the reflected light beam 86 with an expected intensity at the endpoint of the 
CMP process. The expected intensity of the reflected beam at the endpoint of 
the CMP process is the theoretical intensity of light reflected from either the 
upper layer 70 or the lower layer 60. In the case where the expected intensity is 
the theoretical value of light reflected from the upper layer 70, the endpoint is 

10 reached when the actual intensity of "the reflected beam 86 is substantially 
different than that of the theoretical intensity of light reflected from the upper 
layer 70. In the case where the expected intensity is equal to the intensity of 
light reflected from the lower layer 60, the endpoint is indicated when the actual 
intensity of the reflected light beam 86 is substantially equal to the theoretical 

15 intensity of light reflected from the lower layer 60. 

The advantages of the method of the invention are best illustrated 
in Figures 4 and 5. Referring to Figure 4, the surface of the wafer 12 is under- 
polished at the level indicated by line A-A because small portions of the upper 
layer 70 in the depressions 64 remain on the polished surface of the wafer. If the 

20 endpoint of the wafer 12 was scanned by a laser in accordance with the Lustig et 
al. patent, the presence of the critical areas may not be detected because the 
critical areas occupy only a small percentage of the surface area on the wafer and 
can generate only few high-reflection signals. Since the Lustig et al. patent treats 
the high-reflection signals from the critical areas as coming from just another 

25 interconnect on the wafer, the relatively few reflective signals from the critical 
areas will not statistically impact the overall average of the much larger number 
of reflective signals from the interconnects. Therefore, because the scanning 
device disclosed in the Lustig et al. patent does, not specifically detect the 



WO 99/0937 1 PCT/US98/1 7218 

12 

presence of the conductive material at the critical areas, it may falsely indicate 
that the endpoint of the CMP process has been reached. 

The primary advantage of the method of the present invention is 
that it ensures that the material of the upper layer 70 in the depressions 64 is 
5 detected by the laser 80. Since the laser beam 84 is aligned with an endpoint site 
90 positioned below the bottom of a critical area 92, the method of the invention 
ensures that the reflectivity at critical areas on the wafer is adequately measured. 
Referring to Figures 4 and 5 together, the method of the present invention 
indicates that the CMP process should further planarize the surface of the wafer 

10 from the level at line A- A to the level at line B-B. Therefore, the present 
invention provides a method that accurately detects the endpoint of the CMP 
process at even the most problematic points on the wafer where the last portions 
of an upper layer of material are desirably removed from the wafer. 

Figure 6 illustrates another wafer 14 after it has been polished to a 

15 level A-A. Wafer 14 has a number of devices 58(a)-(c) asymetrically spaced 
apart from one another across the substrate 50. The distance between the devices 
58(a) and 58(b) produces a small depression 64 in the lower layer 60, while the 
larger distance between devices 58(b) and 58(c) produces a large, deep 
depression 64. As with the depressions 64 illustrated in Figures 2 and 4, the 

20 upper layer 70 fills the depressions 64 and defines another set of critical areas on 
the wafer 14 from which the upper layer 70 is desirably removed. The method of 
the invention also detects the endpoint of wafer 14 in the same manner as wafer 
12 of Figures 2 and 4. Thus, the method of the invention may be used to detect 
the endpoint on many different wafer structures. 

25 Figure 7 illustrates an endpoint detector 100 for performing the 

method of the invention. The endpoint detector 100 has a pattern recognition 
spectrophotometer 110 for selectively impinging the laser beam 84 at critical 
areas on the surface of the wafer 12, and a water track 1 70 in which the wafer 12 
positioned. In the pattern recognition spectrophotometer 110, an actuator 120 



WO 99/09371 PCT/US98/I7218 

13 

connected to a laser 80 translates the laser 80 in a plane substantially parallel to 
the face of the wafer 12, as defined by the X-Y axes. The laser 80. which is 
described above with respect to Figures 2 and 3, has an emitter 82 that directs the 
laser beam 84 to the wafer 12, and a photosensor 88 for sensing the reflected 
5 beam 86 from the wafer 12. A processor/controller 130 is operatively connected 
to the actuator 120 and to a pattern recognition module 140. Importantly, the 
pattern recognition module 140 has a database containing the circuit pattern of 
the specific integrated circuit on the wafer 12 and the locations of the critical 
areas in the circuit. The processor/controller 130 receives signals from the 

10 photosensor 88 via line 89, and it compares the signals from the photosensor 88 
with the circuit pattern in the recognition module 140 to determine the location 
of the laser beam 84 on the face of the wafer 12. One suitable endpoint detector 
100 is the NovaScan 210 with a pattern recognition module in which the 
database contains a circuit pattern of a circuit on the wafer and the location of 

15 endpoint sites on the circuit pattern. 

In operation, the wafer 12 is mounted in the water track 170 so that 
the face of the wafer 12 is positioned under the water surface 172 in alignment 
with an optical window 174 in the bottom of the wafer track 170. The emitter 82 
directs the laser beam 84 through the optical window 174 against the wafer 12, 

20 and the reflected beam 86 passes back through the optical window 174 to the 
photosensor 88. As the actuator 120 moves the laser 80 across the wafer, the 
processor/controller 130 correlates the signals from the photosensor 88 with the 
circuit pattern programmed in the pattern recognition module 140 to determine 
the location of the laser beam 84 with respect to the pattern of the circuit on the 

25 wafer 12. The processor/controller 130 then directs the actuator 120 to move 
laser beam 84 across the surface of the wafer 12 until the beam 84 is aligned with 
a critical location. The photosensor 88 senses the reflectivity of the wafer 12 at 
the critical area, and it sends a signal representing the reflectivity at the critical 
area to the processor/controller 130. As described above with respect to the 
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method of the invention, the processor/controller 130 compares the actual 
reflectivity of the material at the critical area with an expected reflectivity at the 
endpoint of the CMP process to determine if the wafer is at a desired endpoint. 

It will be appreciated that, although specific embodiments of the 
invention have been described herein for purposes of illustration, various 
modifications may be made without departing from the spirit and scope of the 
invention. Accordingly, the invention is not limited except as by the appended 
claims. 
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Claims 



1. A method for detecting an endpoint in planarization of a 
microelectronic substrate having a lower layer of material with a first reflectivity and 
an upper layer with a second reflectivity positioned over the lower layer, wherein the 
upper layer is planarized with a process that removes material from the substrate to 
form a planarized surface on the substrate, the method comprising: 

choosing an endpoint site on the substrate defined by a boundary 
between the upper and lower layers at a selected location on a topography of a circuit 
of the substrate; 

directing a light beam against the substrate at the endpoint site, the light 
beam reflecting from the substrate to a light sensor; 

sensing an actual intensity of the light beam reflecting from the endpoint 
site of the substrate; and 

comparing the actual intensity of the light beam reflecting from the 
endpoint site with an expected intensity for a light beam reflecting from the endpoint 
site at a desired endpoint of the planarizing process for the substrate. 

2. The method of claim 1 wherein, when the endpoint is not 
detected in the act of comparing the actual intensity of the reflected light beam with an 
expected intensity, the method further comprises re -planarizing the substrate to form a 
re-planarized surface on the substrate and repeating the acts of directing, sensing, and 
comparing on the re-planarized surface. 

3. The method of claim 1 wherein choosing an endpoint site 
comprises choosing multiple endpoint sites on the substrate and separately performing 
the acts of directing, sensing, and comparing at each endpoint site. 
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4. The method of claim 1 wherein choosing an endpoint site 

comprises: 

estimating points on the substrate at which portions of the upper layer 
are consistently the last parts of the upper layer desirably removed from the substrate 
before the desired endpoint; and 

scanning the estimated points on polished test substrates to determine 
actual points on the substrate at which portions of the upper layer are consistently the 
last parts of the upper layer desirably removed from the substrate before the desired 
endpoint. 

5. The method of claim 1 wherein comparing the actual intensity of 
the light beam reflecting from the substrate to an expected intensity further comprises 
comparing the actual intensity with an expected intensity for light reflected from one 
of the upper and lower layers, the endpoint being detected when the actual intensity is 
either substantially the same as the expected intensity for light reflected from the 
lower layer or substantially different from the expected intensity for light reflected 
from the upper layer. 

6. The method of claim 1 wherein the substrate has a number of dies 
and each die has a circuit pattern of a microelectronic device, directing the light beam 
against the substrate comprises scanning the circuit pattern on each die and 
positioning the endpoint site in the path of the light beam. 

7. The method of claim 1 wherein the upper layer is made from a 
substantially reflective material, and the loweT layer is made from a substantially non- 
reflective material. 

8. The method of claim 7 wherein the upper layer is made from 

aluminum. ' 
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9. The method of claim 7 wherein the upper layer is made from 

tungsten. 

10. The method of claim 1 wherein the 'planarized surface on the 
substrate is disposed in a fluid while directing the light beam against the substrate and 
sensing an actual intensity of the light beam. 

11. A method of planarizing a microelectronic substrate in the 
manufacturing of microelectronic devices, comprising: 

positioning a substrate adjacent to a polishing surface of a polishing pad 
in the presence of a planarizing fluid, the substrate having a lower layer of material 
with a first reflectivity and an upper layer with a second reflectivity positioned over 
the lower layer; 

moving at least one of the substrate and the polishing pad with respect to 
the other to impart relative motion therebetween for removing material from the 
substrate to produce a planarized surface on the substrate; 

directing a beam of light against the planarized surface of the substrate 
at a selected endpoint site defined by a boundary between the upper and lower layers 
at a selected location on a topography of a circuit of a microelectronic device on the 
substrate, the beam of light being reflected to a light sensor; 

sensing an actual intensity of the reflected beam of light; and 

comparing the actual intensity of the reflected light beam with an 
expected intensity. 

12. The method of claim 11 wherein, when the endpoint is not 
detected while comparing the actual intensity of the reflected beam with an expected 
intensity, the method further comprises: 

re-positioning the substrate adjacent to the polishing surface of the 
polishing pad in the presence of the planarizing fluid; 



WO 99/09371 



18 



PCTAJS98/17218 



moving at least one of the substrate and the polishing pad with respect to 
the other to impart relative motion therebetween to remove additional material from 
the substrate to produce a re-planarized surface on the substrate; and 

repeating the acts of directing, sensing, and comparing on the re- 
planarized surface. 

13. The method of claim 11, further comprising selecting multiple 
endpoint sites on the substrate and performing the acts of directing, sensing, and 
comparing at each endpoint site. 

14. The method of claim 13 wherein selecting the endpoint sites 

comprises: 

estimating points on the substrate at which portions of the upper layer 
are consistently the last parts of the upper layer desirably removed from the substrate 
before the desired endpoint; and 

scanning the estimated points on polished test substrates to determine 
actual points on the substrate at which portions of the upper layer are consistently the 
last parts of the upper layer desirably removed from the substrate before the desired 
endpoint. 

15. The method of claim 11 wherein comparing the actual intensity 
of the reflected light beam with an expected intensity further comprises comparing the 
actual intensity of the reflected light beam with an expected intensity for light 
reflected from one of the upper and lower layers. 

16. The method of claim 15 wherein the upper layer is made from a 
substantially reflective material, and the lower layer is made from a substantially non- 
reflective material. 

17. The method of claim 16 wherein the upper layer is made from 

aluminum. 
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IS. The method of claim 16 wherein the upper layer is made from 

tungsten. 

19. The method of claim 11 wherein the polished surface on the 
substrate is disposed in a fluid while directing the light beam against the substrate and 
sensing the actual intensity of the reflected beam. 

20. An endpoint detector for detecting the endpoint in planarization 
of a microelectronic substrate having a lower layer of material with a first reflectivity 
and an upper layer with a second reflectivity positioned over the lower layer, wherein 
the upper layer is polished with a mechanical polishing process to form a polished 
surface on the substrate, the detector comprising: 

a pattern recognition module having a database containing a circuit 
pattern of a circuit on the substrate and a location of an endpoint site on the circuit 
pattern, the endpoint site being defined by a boundary between the upper and lower 
layers at a selected location on the circuit; 

a light beam source that directs a light beam at the substrate; 

a photosensor that senses' an intensity of a reflected beam that reflects 
from the polished surface of the substrate; 

an actuator connected to one of the light beam source or the substrate, 
the actuator moving the one of light beam or the substrate in a plane substantially 
parallel to the polished surface of the substrate so that the light beam passes over the 
polished surface of the substrate; and 

a controller operatively coupled to the pattern recognition module, the 
photosensor, and the one of the light beam source or the substrate to which the 
actuator is connected, the controller correlating signals from the photosensor with the 
circuit pattern in the pattern recognition module to determine where the light beam 
impinges the substrate and the controller directing the actuator to move the one of the 
light beam or the substrate until the light beam is aligned with the endpoint site, 
wherein the photosensor senses the reflectivity of material on the polished surface at 
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the endpoint site and the controller compares the sensed reflectivity at the endpoint 
site with an expected reflectivity of either the upper or lower layers. 

2 1 . The endpoint detector of claim 20, further comprising a water 
track having an optical window positioned to face the light beam, the track being 
filled with water and the polished surface of the substrate being submerged in the 
water in alignment with the optical window, wherein the emitter directs the light beam 
through the optical window and the water to impinge upon the endpoint site on the 
polished surface of the substrate. 
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